Due to the tragic disaster that happened in Japan and crippled the Fukushima nuclear power plant, serious concerns have been raised regarding the contamination of drinking water as a result of the radioactive materials that were released. Even though the quantities of radioactive material in rain were relatively low, people were concerned about the drinking water. Therefore, there is a need to know the removal efficiency of the unit process of water treatment and to prepare a safety plan to protect the public's health from radioactive materials. In this study, the laboratory scale removal rates were estimated for the coagulation/flocculation, adsorption, and ion exchange processes. The reference standard materials which are stable elements, Cesium-133 (Cs-133) and Iodine-127 (I-127), were used for the typical and advanced water treatment processes at the laboratory scale. For the coagulation/flocculation process, three major coagulants were assessed for this process. However, the removal rates of this process were low. For the adsorption process, powdered activated carbon and zeolites were investigated. The powdered activated carbon showed insignificant removal rates for both reference materials. However, synthetic zeolite was an effective process for Cs-133, and the ion exchange method showed high removal rates for both Cs-133 and I-127.
INTRODUCTION
After strong earthquakes hit Japan on March 11, 2011, a massive tsunami followed and struck the northeast coast of Japan. Following the earthquakes and tsunami, the Fukushima nuclear power plant was critically damaged, causing officials to employ an emergency shutdown of the reactors, and radioactive materials were released into the environment. Evidence of radioactive material fallout has been reported across the country and has been documented The objective of this study is to evaluate the removal characteristics of radioactive materials in a water treatment process using reference standards of radioactive materials which are stable elements. To evaluate the removal efficiency of reference standards, conventional and advanced processes were investigated. The major processes for evaluation in the laboratory scale study were coagulation/ flocculation, activated carbon, zeolites and ion exchange.
METHODS

Tested water
Surface water (Daechung reservoir, Korea), which is used as a source water for water treatment plants, was used for evaluation purposes to determine removal characterizations of reference standards of radioactive materials. The average annual rates for turbidity and pH of surface water are 2.5 NTU and 7.3, respectively. The turbidity range of the tested period was 0.7-1.1 NTU. As the turbidity of the surface water was relatively low during the tested period, the turbidity was adjusted with river sediments to examine the turbidity effect of the surface water. The adjusted turbidity range of the tested water was 10-100 NTU. Also, dissolved organic carbon in the tested water is 1.3 mg/L.
Standards/chemicals
Reference standards used for this study were Cesium-133 (Cs-133, 1,000 μg/mL in 2-5% nitric acid) and Iodide-127 (I-127 In previous studies, the removal kinetics of zeolites and the efficiency of natural zeolites were investigated (Krestou et al. ; Han et al. ) . In this study, natural zeolite and synthetic zeolite were tested for the removal efficiency of reference standards, Cs-133 and I-127. The tested concentrations of both zeolites were 10-300 mg/L (Figure 4) . In both zeolites Cs-133 was removed at higher rates than I-127.
Synthetic zeolites showed a higher removal rate of Cs-133 than natural zeolites. Also, a higher concentration of zeolites showed higher removal rates of Cs-133. Cs-133 was removed effectively in natural and synthetic zeolites but I-127 was not removed under the same conditions (less than 10%).
Ion exchange
Several studies show that the ion exchange process is a useful method for removing radioactive materials ( mg/L. Therefore, the powdered activated carbon process appeared to be ineffective in removing the reference radioactive materials. A higher concentration of zeolites showed higher removal rates for Cs-133. However, for I-127, zeolites showed a removal rate of less than 10%.
The ion exchange process as an advanced process of water treatment was evaluated and shown to be an effective process for removal of both Cs-133 and I-127. In this laboratory scale experiment, the removal of reference standards of radioactive material, and the behavioral characteristics of radioactive materials in a water treatment process could be assessed. Based on these laboratory scale results on the removal of reference standards, the radioactive materials could be characterized and evaluated in water treatment plants in order to supply safe drinking water free from radioactive materials.
